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ABSTRACT ' ■ 

The present experiment focused on the development of 
a "cumulative rehearsal, fast-finish" rehearsal routine. This study 

was designed for two purposes: (1) to extend the notion _of_ the- 

"executive "function" to the case . where_cgntjjuie^k-use-"0^ mnemonic 
routine is a reasonable response to an objective change in an 
information processing task, and (2) to determine the efte.cts of ^ 
training on the maintenance and generalization of . a . rehearsal 
•strategy. The subjects were 62 volunteers chosen from grades b, iu, 
dnd 12 and nine adults. The task was a 6-item (pictures) circular 
recall task oresented in a pa use- time paradigm. An automated WGTA 
apparatus was used. The overall design was mixedand: represented by 
the factorial combination of Grade (6, 10, 12, adults) X phase 
(Assessmentv Training, Maintenance, Generalization) X 'Group , 
(tr-ining, no training.) X .Item Type (TBR, TBF) X Serial Position (6)-. 
The results showed that adults spontaneously prpduced a "cumulative 
rehearsal, fast- finish" strategy in response . to both the assessment 
and generalization tasks while only two 10- and three 12- graders did 
so. All trained subjects maintained the instructed. routine and showed 
evidence of transfer during , generalization.. Analyses including adults 
suqgested that the form of trained subjects' generalized strategy 
became more similar to that of the adults as grade increased. 
Observational, and interview data supported these findings. 
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ABSTRACT 



• The present study focused on the executive control of a "cumulative 
. rehearsal, fa9t-finish" strategy . This experiment (a) extends the notion 

of the executive function to the case where continued use of a nmetnonic . 
' routine is a reasonable: respo'nse to an objective change in an information ^ 

)proce^sing task, and (b) describes (developmentally) Che effects of / 
• training on the maintenance and generalization of a rehearsal strategy. 
•The results showed that adults spontaneously produced a '^cumulative 
./ rehearsal, fast-finish'' strategy in response to both the assessment and 
• generalizatioh tasks whil6 only two tenth and three tv/elfth graders did 
so. All trained subjects maintained the' rehearsal routine and showed 
evidence of transfer. Analyses including adults suggested' that the trained 
, gnhjof^i-Q gpnftra lized routine beca me more similar tp the adult's as grade 
ihcrcased. These rindings were supported by interview and observational 
data. • 



TliE ' EXECimVE CdNTROL OF pEI IONIC ACTIVITY 



One of the most interesting aspects of meinory development is the child's 
incfeasingly efficient use of certain; strategic behaviors . Flavell (1970) 
describes this* development in terms of those • . co^itive activities which 
covild be dellberattily undertaken for the purpose of storing and retrievVing 
information" (p.. :193). Research has shown that as the child matures , t^lie not 
only begins • to Use mnemonic devices spontaneously, but also becomes more 
capable of flexibily adjusting these strategic behaviors to varied task 
demands (Belmont & Butterfield, 1977; Bray, 1973; Brown, 1975, 1977; 
Butterfield. & Belmont, 1976; Flavell, 1970, .1971; Kellas & Butterfield, 1971) • 

Research on mnemonic development ;has focused only on the child's use of 
strategic behaviors for. meeting the demands of a single task (Brown & Barclay, 
1976; Butterf ield & Belmont ^ 1971, 1972, . 1976, Flav.eil, Beach, fi. Chinsky, 
1966) It: has not been demonstrated, however , tljiat children develop the 
ability to adapt a single spontaneous .or trained strategic routine to at ^ 
least two. dif ferent-. task-s-whegc^-he ef f cc t-ive-ma^^^50R4^--a€4 :ivity cou lx^-xemaln— 
the ^arae (Brown, 1974; Campione & .Brown, 1974, 1977). 

>[ nnrr.onic P^velopment ^ 

Literature reviews (e.g., Flavell, 1970),^ have suggested that over a wide 
variety of tasks , mnemonic development tends to follow four , not necessarily 
independent, periods of chan^.e . . There is- ah Initial mediation^l deficiency 
in';which the .child does not prpducje the appropriate mnemonic spontaneously, 
nor can he be trained to do so without an undue amount of time and effort. . 
Furthermore, any ixiduced strategic behavior fails to mediate recall (Kendler, 
Kendler, & Wells , 1960) . This is follov;cd by a period of "mediational inef- 
ficiency" (Ryan, Hegion, & Flavell, 1970), where, an appropriate mnemonic can 
be trained or prompted relatively easily but this behavior doejs not .lead to y 
effective, performance. Following this is a period of production, deficiency, 
in'vMch prompting'^or training produces , the appropriate skill, ^^7hich in tuirn 
improves perf orinan( o (Kenney, Cannizzo, Fl.ivell, 1967). The: .'iourth period o 
mnemonic develcpment is characterized by i:he spontaneous . use of strategic 
bdiavior /where effective strategy production results from the child's recogni- 
ticn that the behaviors needed to meet certain task demands are available in 
his existing repertoire of skills. For storage strategies, this developnantal 
pattern hns been found for rehearsal (Flavell, 1970; Hagen, llatrgraVe^ & Ross, 
i973; liag^n & iangsle,y, 1968, Keeney et. al., 1967, . Kings ley & Hagen, 1969), 
the uf=^e of organize t.!on (Moely, Olson, Halv;es , & Flavell , 1969), the use of 
nonverbal cues (Cors.lni, 1969, Corsini, Pick, & Flavell , 1968,- Ryan et al., 
1970), selective attention (Hagen, 1967, 1971, 1972; Hagen & Hale, 1973; 
Hagen, iIeacha:D., & Mesibdv, 1970), and directed or positive . forgetting (Bray,- 
.1973; .Frown, 1974). The trend from mediational def lciency-ine£f iciency to . 
spontaneous production has been reported also for the child's use of a 
v^^.riety of rctirioval cues (Kobasigawa, 1974; Ricter, Kap rove, Fitch, & 
FlaVell, 1973). In general, these data r>t:pport the idea that' t^:e child 
giradu?.lly acq 'aires the ability to cope wiLh momory demands, through* an in- 
creasingly, sophisticated use of mnemonic behaviors. . 

The child not only acquires additional strategic behaviors as he maturen 
but also becomes capable of Lisiug strategies 'apprcpriatoly . The older chiXd 
both juitiates a strategy more readily and uses. the £?lected skill more effec- 
tively in response to a task deniavid,. This type of miier.:ouic flexibility has 
been dcmcnstrated" by-' the child *s use of a sinj^lq strn;:egy in recpdnse to a 
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unique task. However, a more gene rial case. of strategic flexibility would. , 
involve the transfer of a successful routine to a second (different) task, 

v The major purposes of the present research, therefore, are to investi- 
gate the development and generalization of strategic behavior , namely , 
rehearsal, and its selective use in a relatively changed task format. 

Executive Functioning 

Recently,, there* has been an increased liiterest in the development of 
memory. monitoring aHlities , especially in the monitoring of strategic mnemonic 
behaviors .(Brown & Barclay, 1976; Butter field & Belmont, 1976; Butter field., 
Wambold, & Belmont, 1973; Flavell, Friedrichs, & Hoyt, 1970; Flavell & Wellmah, 
1977; I'larkman, 1973; Masur, ilclntyre, & Flavell, 1973). Butterfield and Belmont 
(1976) describe monitoring as one characteristic of the executive function. 
They argue that it is the function of the executive to evaluate task demands, 
select and ^control strategic abilities, organize* implement, and monitor 
^xecuti.ve luu L l i ieb" ui sLi - dLG gy--gexpieTice57~and^TDodify behaviors as the task 
.requirements change. This notion of an "executive" has direct implications 
for the^ present research since this study deals with the sequencing of a 
rehearsal routine through its selective application in a relatively changed 
task format . , 

In a recent series of experiments using the pause-time paradigm (Belmont 
I Butterfield, 1969; Ellis, 1970), Butterfield and Belmont (1976) have reported 
data which suggests that one capability of the executive's monitoring function 
was to revise strategic behavior (i.e. , a rehearsal sequence) in. response to 
a minimal change in task requirements. To summarize , 'when normal adults were 
presented lists of nine different. letters they quickly selected an efficient 
"cumulative rehearsal , fast-finish" strate^ (Belmont & Butterfield, 197.1, 
Pinkus & Laughery, 1970, Footnote 4) in response .to both a position probe and 
circular recall task-. Furthermore, the same adults not only abandoned the 
"cumulative rehearsal, fast-finish" strategy when identical stimuli were 
presented repeatedly in the^ame order on successive trials, but also rapidly 
reinstated their strategy with additionaj: changing task demands (Experi- 
ment 4) • 

In a subsequent developmental experimeht, Butterfield & Belmont (1976, 
experiment 5) presented alternating series of changing and repeated lists of' 
words to subjects aged 10,. 12, and 17 years - : A circular recall task was used. 
The data showed that th(i general ri^sponse pattern of 12-year-olds paralleled 
that of adults (17-year-olds). However , these younger subjects did not achieve 
the precision of pause patterns reported for the adults and they were less 
flexible, at abandoning and reinstating their selected, strategy . The results 
reported for the 10--year-olds suggested that they never adopted a "cumulative 
rehearsal, fast-finish" strategy and showed liftle flexibility in adjusting 
their behav.ior to changing task demands . These findings , taken as a whole, in- 
dicated that naature subjects monitored their memory operations by selecting' and 
revising an effective strategy, and this monitoring ability developed with age. 

■In the two experiments summarized above, the subjects were required to 
.imonitor the effective use of a "cumulative rehearsal , fas t-finish". strategy . 
, The subjects discontinued its use when the 'routine was not needed to maintain 
high accuracy. The older subjects engaged in a "cumulative rehearsal » fast- 
finish" strategy when required to remember new information, but terminated 
this activity once the material was learned. \ 




" ^ ■■ : .. • ■• ■ ■ :;■ 4 ■ . * .■• ^ • • ' 

: ■ The taska used'in these experiments required that the subjects either 
use or not use; a (rehearsal) striategy. This task demand is viewed here as 
a. siniple type' of mr.ctaonic flexibility since a minimum of stratei.iy monitoring" 

■ is required to . maintain high recall. That ±s\ B^tterfield and" Belmont 's 
(1976,. Experiment 5) task requires that the subject merely recojpilze ul^en to 
use ot not use a rehearsal strategy for a particular list. The task used in \ 
the/ present experiment demands a somewhat * more complex type of memory v . 

''monitoring. It also requires the selective use of a "cumulative rehearsal, 
fast-finish" routine.. That is, here, the subject must recognize not only 
when tJ9 selectively, use a rehearsal routine on items within a list, but do 
so while attempting to maintain rehearsal activity. The subjects ,. therefore , 
must •continuously monitor their mnemonic effectiveness and maintain the 
current sta!te of a . rehearsal set while selecting new ^6-be-remeriibered infor- ^ 
ination. This task requires that the subjects ignore certain material to 

; . achieve high recall accuracy . 

The Experiment • ♦ 

/ In the present ex periment an attem pt i^ll be made to describe in a de- 

velopmental context (a) the selection of a "ciomulative rehearsal, fast-finish'* 
.. strategy in response to a circular recall task demand, (b) the effects of 
strategy training on the rnaii^'tenance of an appropriate rehearsal routine, and . 
(c) the degree to v:hich trained strategic behaviors generalize . to a relatively 
changGtd task format. 

■ The purposes of this stCidy address two issues. The first issue focuses ^ 
on the development and generalization of strategic behavior. ;fhe evidence 

. to date suggests -that children as young as 10 years old do not adopt spon- 
taneously an efficient "cumulative rehearsal^, fast-finish" strategy in : 
response to an 8-i tern (words) circular ^recall task demand (Butterfield & ' ' 
?tclmonty 1976, Experiment 5) . Appfirently this was a production deficiency 

. elnce these children responded readily to training (Butterfield & Belmont, 
1976, Experiment 7). Furthermore, the specific mnemonic traj^ning received 
affected <?xecutive functioning' (Butterfield & Belmont, ExperinKnt. 7) since 

■ train4d 10-year-old children abandoned and reinstated their; rehearsal activity 
with repeated and changing list presentations. This research suggests that 
training affects the executive control of f^trategic behavior when the tiask 

is presented in, a maintenance format. 

"■■ . " " . ' ■ ^ ■ ' . ' • ■ ■ ' 

' In the present study v/e intend to see whether (a) the number of children 
.spontaneously selecting and generalizing a "cumulative rehearsal, fast-finish" 
strategy in response to a circular recall task demand increases with age, 
(b) children who do not spontaneuusiy select a "cumulative rehearsal, fast- 
finish" strategy can be trained to. use this routine effectively, and (c) the" 
generalizecl use of a trained "cumulative riehearsial, fast-finish" strategy is 
*age related. That is, as children grow older, the effects of strategy 

I ■ training gradually generalize to other appropriate tasks . 

. The second issue addressed in the present study concerns an extension of 
Butterfield and Belinont's (1976) executive control notion. They state that 
". ... executive function is* exhibited when the subject changes a control 
process or sequence of control processes as c-a reasonable response to an ... 
objective change in an in f orn^acion processing task'V (p , 42). Their research 

showed that mature sub;jects could monitor strategic activities on a tack 

which demanded recognizing whether or not • to-be-remembered information was 
learned ... ' . ' . . . ; " > 
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The. present investigation will extend this notion' since here che main-' 
tenaince and generalization tasks demand that the subjects not : only monitor ,, 
the effectiveness of a trained or spontaneously produced rehearsal strategy 
' V but also that they transfer and selectively use the routine in a different 
situation. That is, executive functioning is exhibited also when subjects 
recognize and continue to use a control process or sequence of control pro- 
cesses in response to an objective change in an information processing task 
demand when such a response is ..appropriate. 

In the present study we will use a 6-icem (pictures) circular r^icall task 
^ in the pause-timei paradigm. The study is divided into foiir phases: Assessment, 
Training, Maintenance, and Generalization.. The assessment phase evaluates the 
subjects' spontaneously selected strategies. Those subjects spontanieously 
selecting a "cumulative rehearsals fast-finish" strategy will not be trained. 
In the training phase, the subjects will be subdivided into tv;6 groups: a 
training and ho-training group. This subdivision will be conducted in such a • 
\-iray as to ensure roughly equal assessment (or baseline) performance for each 
. group. Thus, half of those subjects who did not select spontaneously the 

apprnpr^fl^P> c;^rn^ofry Wi 11 hf> trairi f^ri in i ffl iisp'. The ^^>-^rnin^ng grniip will 

receive additional trials equal to the number given the trained subjects, 
however, they will, not be ins.truc<:ed. Following either' training or no 
training, both groups v;ill 'receive a series of maintenance (no instruction) 
; trials . ^ 

\ In '£he generalization phase, all subjects will be required again tv. cir- 

cularly recall ..six items. The difference between. this and the former three 
phases is- that here the six to-be-remembered (TBR) items are dispersed 
randomly among six to-bic -forgot ten (TBF) ones . The subjects must, therefore, 
maintain TBR items through rehearsal while disregarding (forgetting) irrelevant 
(TBF) information. Thus, rehearsal and positive forgetting must be used in 
-7 -~l-taudem for subjects fo maintain high performance. 

^ , ■ ^ ■ method' • 

Subjects 

The subjects wer^ 62 volunteers chosen from Grades 6, 10, and 12 at the 
.Pesotum Grade School and Tolono High School and nine adults from th« University 
of .Illinois at Urbana-Champaign. Excluded from this sample were two children 
from Grade 6 and. one. from Grade 10, two of • whom v;e re uncooperative and one' 
who took excessive tiTue (1 hour) jto complete the first phase of the experiment. 
Complete descriptive statistics for the rrmaining S8 subjects are given in 
Table 1. i4one of these subjects had prior experience or training in a neuiory 
, experi.ment. 



Insert Table 1 here 



Design 

Considering the grade school children, the main design was mixed and reprd 
. sented by the factbrial combination of Grade (6, 10, 12) X Group (Training vs. 
Uo Training) X Phase. Phase 1, /Vssessment, consisted of 10 test trials in 
— which the subjects were iree to perform on an ad lib bcisJjs . The Group variable 
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was'maniBulated in the second or Training phase where hair of ,.the subjects in^^ 
;each grade were instructed in the use of a "cumulative rehearsal, fast-finish 
strategy . In Phase 3,: Maintenance, all sub jects- were given 10 no-instruction 
test ttials. Finally, the Generalization phase consisted of 10 test trials 
in which the subjects performed on a task presented in. a changed format. 

In the generalization phase, six TBR items were arranged randomly among 
six TBF ones. Thus, in this phase. Item Type CTBR'Vs. TBF) was represented . 
by two levels 4v 

Iri sone analyses, adults were included with the trained grade school 
. children. 

The dependent variables were average median pause-time, proportion of 
.\ items correctly recalled in a circular order, and five observational measures- 
labeling, rehearsal , cumulative rehearsal, gesturing- and cumulative gesturing. 
An item was scored as correct only if it were recalled in proper sequence. 
For the observational measures, the frequency of each behavioral response was 

^-summed-^Qve^^l^bjee^ o , v/ithin oach gra de-£ or ocrial p o gici ^ms~2^ — Thi . s was 

done for each phase and for Trials 1, 5/ and 10 separately . 

Apparatus . 

» • . ■ ■. ■ 

. . An Automated Wisconsin Gene;gal Test Apparatus (Scott, 1970) was used. Its 
• primary feature was a 13-"window display panel . interfaced with solid state re- 
cording equipment. Each window was a 3 x 5 cm rear projection plexiglass panel 
with a shutter mounted on back. The shutter was operated, thus exposing a 
Stimulus for 1.0 second, when the subject pressed, the window. The windows, 
were arranged, in two 6-window . rovjs with the 13th windov/ centered below the 
second row. The windows were 1.90 cm apart. Mounted directly below the 13th 
windov/ was a small yellow light which signaled the start of each trial. The 
second row of windows was blocked during the' assessment , training, and 
maintenance phases. ' 

Pause-tiiEes (in hundredths of secbnds) were recorded and printed auto- ^ 
matically. The subjects' accuracy scores were recorded by the experimenter. 
A Sony 3650-video tape recorder was used to record the observational data. 
This, system Included two cameras, one focused on the display panel and the 
.other on the subject, a special effects generator and tv7o.V/V-950 Panasonic 
monitors. A Sony TCr92 tape recorder was used to record the post-test 
interview. 

The entire apparatus was housed in . a two-room experimental suite located 
in a mobile home. The subject ,. exijerimenter, display panel, and video 
cameras occupied one room, while the programming equipment and video tape 
. recording-"^ system were hidden from. view, in the other. 

Stimulus Materials 

The stimulus pool consisted of 360 different colored pictures of common ^ 
objects. Which, in previous research and pilot work, v/ere shown to be labeled 
easily by preschool children. The following stimulus slides were made for each 
■ phase of the experiment: Assessment -13; 6-item. slides depicting objects from 
the sam^j conceptual category with different categories represented on each 
slide; Training—ll, 6-item slides dei^icting objects from different . concep- 
> tual categories. Tt was necessary to use pictures from different categories 
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.since it was impossible to locate multiple exempiiars from varying categories 
without having redundant items . For the generalization phase» 13, 12-item 
'sliiies depicting six different exemplars from two different conceptual Cate- 
gories, were made. The categories represented in each slide were selected so 
that the exenplars of each category were identified easily. Vae six items 
from each category were assigned randomly to each serial position.: The only 
restriction on this assignment was that a TBil and TBF item appeared in the • 
last position on half of the trials. 

A stimulus card, 61 ?c 18 cm, containing 12 items from two categories 
— (animals and toys) was constructed from 8.89 cm square pictures. These 

-spictures were arranged randomly on the card in'tv/o equal rows. . o 

Procedures " , . 

In the sample of 68 subjects tested, two tenth graders, three twelfth 
graders, and all 9 adults were identified as spontaneous producers of a 
"cumulative rehearsal ^ fast-finish" strategy. None of these subjects received 
later training. For . the. other 54 subjects, 9 each. at Grades 6, 10, and 12 were - 
assigned to either The training or no-training group" Ihese ^group^vere : ' " " 

matched roughly on overall pause-time, circular recall accuracy, and sex. 

The same experimenter tested each subject individually. The subjects 
were seen for t;^o experimental sessions (on different days) each last4.nc 
. 25-35 minutes. Session 1 consisted of strategy assessment* and Session 2 of . 
training, maintenance, and generalization trials. h 

£ach subject was. seated in front of (facing) the display panel and 
told that he would see some pictures to remember. The subjects also were 
told that they would receive $2.00 for ^participating. • The specific pro- 
cedures are listed below by session for each phase* 

Session I — Assessment . Each subject received thr^e warmup and 10 test 
trials where one trial was defined as the self-paced presentation^ and circu- 
lar recall of six different items. Thus, the child viewed pictures 1-6 in 
sequential order (frojn left to right) and attempted to recall them beginning 
v/ith item 5, then 6, and finally 1-4. A new picture appeared when the subject 
'^pressed a window. Following the presentation of the sixth picturs, the subject 
was required to^press the 13th window when ready to begin recall. If a subject 
did not complete a recall sequence, the eyperiraenter waited "30 seconds and 
then probed to determine whether or not any additional picture ^ could be - 
remembered. A trial was terminated when either all six pictures had been 
recalled or when' the subject indicated that he could not remember any more,. 

* . ■ • ■ ■ 

The three warmup trials consisted of onfe demonstration trial performed 
by the experimenter and two by the subject. This demonstration emphasized 
' the required circular recall order, not the acqyisition strategy to be usedn. 
Each subject was told that he could take as much time as he wanted since a 
new picture, would appear only when ho pressed a window. Also, each subject 
was told that he could do anything he wanted to ^elp himself remember the 
names of the pictures. After the demonstration, th^ experimenter answered 
any questions regarding the procedure. ^ The subject then was told to begin 
the next warmup (and subsequent) trial (s) when , the small yellov;, light on the 
panel flashed'. Ten test trials, which were videotaped, followed this warmup. 
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Sessi on 2--Xralning . The task used for training was the sanse as that used 
in assessment except new stimuli were presented and only one waripup-deffionstration 
trial was given. Also, the stimuli presented in each trial were from different 
categories ; , ' 

The procedures for the training group were as follows. On the warmup trial 
the experimenter demonstrated a "cumulative rehearsal, fast-finish acquisi- 
tion strategy by exposing the first four pictures,, labeling and including each 
new picture in a rehearsal set. Picture ^names wei^ added to the set up tarough 
item #4. After the first four items were rehearsed cumulatively three times, 
'the experimenter pointed to and exposed the fifth and sixth pictures, labeling, 
but not rehearsing them. The experimenter then said quickly (Pointing to the 
appropriate windows) the names of these last two items followed by the first 
four. The subject was asked for questions and reminded" to <t^ress window ,a3 
when ready to recall. The ten training trials which followed were identical 
to this demonstration except the subjects were required to vse the rehearsal 
routine described above. ' ' 

The procedures for the no-r.raining group were identical to those used 
in assessment. The stimuli were the same as those used for the training group. 

Session 2— Maintenance . In maintenance, both groups were given 10 addi- 
tional no institution (maintenance) trials. The spontaneous subjects (except 
•lihr adults) We treated like the no-training group. These maintenance trials 
were videotaped and after thu 10th trial the subject was given a 5-minute break. 

Session 2— Generalization . The procedures which follow applied to all 
sub iects . The recall requf remelits for the generalization task were exactly 
the same as^those in the assessment, training,, and maintenance phases However, 
the task demand was changed. Each subject self-presented 12 different pictures. 
Half of Che pictures (six) were from one concefftual category and half Csix) 
from another. 1-he subject was required to circularly recall six exemplars from 
one of the categories. The experimenter announced the category of TBR pictures 
before each trial began. The' subject was" instructed in the meaning vf categpry ^ 
menfcership and then given' three warmup and 10 test trials. ' . 

• ■ ■ ■ ■ ( ' ■• "■ 

After the break, the subject was reseated in front of the apparatus. _ 
The 61 X 18 cm stimulus card was presented and the experimenter explained the , 
notion of category membership. The experimenter then demi'^^t^atad the circular 
recall of six exemplars ■ from one category. The subject Vas then asked to circu 
larly recall the exemplars of the other category. Throughout this presentation, 
the experimenter emphasized that the subject would be reTquired to 're.iember only 
the exemplars (TBR items) from one category . ^ The ^"^jecf was told that the 
• other category members (TEE items) could be forgotten.si>ce he would not be 
asked to recall them. The subject was then oriented towards the display panel 
and told to b^gin the warmup trials when the yellow.- li^ht flashed. 

■ " ? 

Three warmups were given and procedural, errors were cbrrected. . The ex- 
nerimenter did not instruct- or prompt the subject to use a 'cumulative rehear- . 
sal, fast-finish" strategy on TBR information. The subject was told^that he 
could dff anything he wanted to aid memory. .The warmup was followed by 10 
• test trials' which were videotaped. After the 10th test trial each subject 
was interviev;ed. , 
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Post-test Interview 



where , 



• in the post-test interview: each subject was asked a number of qucsti'ons 
to determine whether or not he was- aware of his strategy usage during generali- 
zation. The grade schoolers answers were tape recorded. 

Observational Measures^ J^" 

The observational measures were recorded from the videotapes of the /^assess- 
ment, mainterlanc-^- and generalization phases' test trials. .The purposes df\tti6se 
measitres were to determine whether or not observed strategic -be'uaviors corre- • 
sponded to pause-time patterns and tb extend earlier findings (i.e,, Flavell 
et ai:., I97O) to the context of the pause-time paradigm. Furtner, since the. 
present ^investigation deals with the select^ive use of a specific rehearsal 
•strategy, the observational d at cf could suppdrt. conclusions based on. the pause 
patterns found for TBR and TBF iBforiaaticJhvdwring the generalization test phase. 

In order to check' the reriTati.iMt^^^^^ obsetved ■ ?.havi6rs, two judges 

independently scored Test trials 1, 5^"and IQ for four ^subjects in the training 
and no-rt raining groups in ^'tiie asses ^^^^^ maintenance, and generalization phases 
of the experiment. The ihterrater reliabi^ coefficic^nt (IRR) was computed as 

TPT? f-^\ - Total number of .in teriudge agreements 
iKK - Total number of obsetved behaviors , , ^ 

Total number of interjudge agreements = ; 
Total number of observed behaviors ^ - 
Total number of disaftreements . 

Disagreements occurred when the judges recorded different numbers of behaviors 
or classified the behaviors differently . ^ 

' ■* *' • ^ ■ 0 RESULTS AND DISCUSSION ^ I ^ ' 

In the initial set of analyses, three dependent variables were considered: 
Average median pause-time, proportion of . items correctly .recalled in a circular 
order, and proportion of i'tieras correctly Recalled ignoring order. As the 
obtained results for the . latter two variables were similar, only the analyses 
'for -ordered recall (henceforth referred to as proportion correct) will be pre- 
sented. Further, in a preliminary set of analyses, only one hi;^her order 
'interaction involving sex Vas found reliable. ^ Accordingly, in the reported 
analyses, sex was. not included as a factor. . ' ' . 

The results are* reported for analyses involving phases and item type 
separately^ Adults v/e re included in some analyses since their assessment phase 
pause-time patt(^rn defined an ^'optimal" rehearsal strategy^ for achievinc high^ 
recall accuracy, thus an appropriate routine to be traineii-, Also\ the adults 
generalization phase data established that -task as a usc@il one for assessing 
transfer effects since their pause pattern a^/as* highly similar to that found in 
assessment (Brown ,^19 77) . Their ^ata, while serving an' illustrative purpose, 
cannot be compared direculy with the younger (untrained) subjects since the 
adults were drawn. from a select population. 



^ Involvins Phases 

Assessment phase analyses . Inspection of the assessment phase pause 
f patters revealed that while the adults spontaneously produced an effective 
(92% correct recall) cumulative rehearsal' (items 1-4) , *fast-f inish* 

- (items 5 iiand 6) strategy, only two terith graders and three twelfth graders 
did so. . 

Considering nonspontaneous subjects, an analysis of assessment phase per- 
; . foriaance was done to (a) check the original comparability of the training and 
- no-training groups, and (b) determine whether spontaneouisly selected- strategies „ 
differed among grades. A Grade (3) X Group (2). X Serial Position (6) mixed 
:/ an^ilysis of variance (Al^OVA) was conducted on the assessment phase performance, 
"'-s' The groups were assumed to be equitably matched since no Group, Grade X- Group, 

r Qt Group* X Serial -Position: effects- were: found-foT-e^itter 

portion correct, all Fs < 1.0. 

7 . ' Assessment phase pause patterns suggested that the selected strategic 
' routines for sixth, tenth, and twelfth graders were similar since the Grade and 
. Grade X Serial Position effects^ were nonsignificant, both Fs < 1.0- The typical 

pattern showed low^ relatively constant pauses after items^ 1-5 with a long 
. pause .'after item 6"^^^6^t hoc analyses (Scheffe, 1959)^ showed ^^hat the pause- 

times after each of items 1-5 were significantly less than af ter;iiteia .6 , all 

F's. > IS.Oa P. ■i-'^-05 for all: 

. - . ^ ^^^ ■ - ■ ^ ; : ■ ■ ■ - - , 

The efiScr^v^ess^ of these subjects* behaviors varied, however , with grade. 
The Grade and dirade X Serial Position effects were reliable for proportion 
r^^ cofrect, F '(2;48) = 21.90, and F (10,240) = 5.72, respectively, £ < .001 for 
' both. Post hoc analyses indicated that tenth (X .84) and twelfth (X - .84) 
graders recalled significantly more items than sixth graders (X = .60), 

- F' -(2,48) = 10.95, S^< .05. Post hoc tests revealed that while both the tenth* 
• and. twelfth graders' recall was significantly higher than sixth graders I at 

^B^vial position 1-4, smallest (10,240) = 20.33 £ < .05, there were no grade 
differences at positions 5 sind 6. « \ 

These proportion correct data replicate earlier research which showed 
that developmental recall differences occur in-the primacy, or earlier, portion 
^ of the serial position curve (i.e., items 1-4 here, Ellis, 1970). The primacy 
■ dif ferences reported' here and else^Jhere are assumed to be attributed to a 
rehearsal deficit in the young subjects. Note, however,' that this proposed 
rehearsal deficit ws^s not evident from the data presented for pause-times . 
; It appears that while the older and younger subjects pause patterns were 
^similar, the 61 der. subjects activities facilitated recall more than the be- 
V havicrs adop^ted by the sixth graders. 

In general,- these results are surprising given Butterfield and Belmont*s 
; (1976, Experiment 5) data. They reported .that seventh graders spontaneously 
. adopted a "cumulative rehearsal, fast-finish'' strategy on an 3-itera circular 
recall task, while here on a 6-item task, tenth and twelfth graders did hot. 
The only apparent differences between the two studies, other than the number 
of stimuli used, are that Butterfield and. B^lmpnt presented words, whereas 
pictures were used here and an explicit recall readiness instruction was given 
in the present experiment. It is not clear from the present ^^ta how thCise 
differences' could account for the discrepant developmental_trcnds found. One 
reasonable explanation would be that the smalT number of pictures" presenfed*' . 
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here did not prompt the older subjects to use a "cumulative rehearsal, fast- . 
finish" strategy since they could maintain high recall without using such a 
routine. Nevertheless, without further study, ic can only be stated that the 
tenth and twelfth graders' adopted strategy was more effective than the sixth 

graders', expecially for the first items seen. 

• 1 .... ' ■ ; .' 

Overaii" AIJOVA for pause-time . Consider next the overall Grade (3) X 
Phase (3) X. Group (2) X Serial .Position . (6) analysis designed to evaluate the 
effects of training on the maintenance and generalization of a "cumulative re- 
hearsal, fast-finish" strategy. 

The main effects fo_r_GrcuB X (jU.^8)_ =_10,17_,„£.j:_j,.02 ,_Ph 

"06% T <" •~00T7^i^rS~e7ial Position F (5,240) = 36.60, £ < .001, were^signif i- 
cant as were the first order interactions of Group X Phase ^ F (2,96) - 13.60, 
Group X Serial Position, F, (5,240) = 21.37, and Phase X Serial Position, 
F no ,4RQ^ = 45 .88. p < . (I(gL_£ar-All. Ea.r h of fhpsp R f f e. r f s w .ve. Inv olyed-on- 
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"the significant higher o^Lder interaction of Group X Plaase X Serial Position, 
F (10,480) = 31.22,.£. < .001. Jhis effect is illustrated in Figure 1, panels a-c. 

Insert Figure 1 here 

In panels a and b , it is seen that the originally matched group-s differed 
in their u.aintenance phase routines. A Grade (3) X Group (2) X Serial Position 
i'6) mixed ANOVA on maintenance phase pause-times revealed a significant Group X 
berial Position interaction, F (5,240) = 55.81, £ < .001. .Trained subjects 
showed ifffcreased pauses after items 1-4, and rapid responses after items 5 and 
& while lihtrained subjects tended to respond with short, constant pauses 
throughout. These data support the concElusicn that trairted subjects maintained 
a. "cumulative rehearsal, fast-finish" strategy without being prompted to do so. 

In the generalization phase", panel c, the traininii group (X = 3.19 sees.) 
continued to pause longer than the no-training group (X =1.56 sees.). To verify 
this result, ^ a Grade (3) -X Group (2) X Serial Position (6) mixed ANOVA was con- 
ducted i^hich indicated that the Group, F (1,48) = 14.73, and Group X Serial 
Position effects, F (5,240) = 4.99, £. < .001 for both, were reliable. Post hoc 
analyses on the Group X Serial Position effect showed that trained subjects 
paused significantly longer than untrained subjects at serial positions 4,5, 
and 6, -smallest F! (5,240) = 19.76, p < .05, while the pause-time differences 
were nonsignificant at positions 1, 2, and 3. These results support the conten- 
tion that instruction affected the trained subjects' generalisation phase 
behaviors . * 

An additional important finding is suggested by comparing panels b and c, - 
and a and c of Figure 1. In panels b andc it is seen that the trained 
subjects modified their pause pattern from the maintenance to generalization 
phase. A Grade (3) X Phase (2~maintenance/generalization) .X Group (2) X 
Serial Position (6) mixed MIOVA revealed a significant Group X Phase X Serial 
Position interaction, F (5,240) =36.35, £ < .001. This effect supports the 
visual impression tiiat the trained subiect's generalization phase pause pattern 
<liffered from that found during maintenance" in at least two x^ays . First, these 
subjects continued to pause increasingly longer after items 1-4 but their 
their pause-times after item 4 were signif icav rly shorter, i_ (5,240) = 282.2/, 
• £< .001,- in generalization; and second, in the generalization phase their 
pc^use-times after items 5 and 6 were significantly longer, F (5,240) - 51.00,; 
and F' (5,240) = 42.39, respectively, £ < .001 for both, than in maintenance. 



" a comparison of panels a and c shows further that the trained subjects 
generalization phase performance was also different from their assessed be- 
havior. A Grade (3) X Phase (2~assessment/ generalization) X Group (2) X 
Serial Position (6) mixed ANOVA revealed. a significant Group X Phase X Serial 
position interaction, F (5,2A0) - £ < .005- Follow-up tests showed/that 

the trained subjects' pause-times were significantly longer in generalization 
at serial positions .3, 4^and 5, smallest F' (5,2A0).= 12-10, £ < .05, than in 
1:he assessment phase., A siniilar comparison at item 6 was nonsignificant. 

It appears from the results reported above that the effects of training- 
are understood not only by comparing, the maintenance and generalization 
phases, b ut also Jby descri bing differences between assessed and^gege^ ^^^ 
pause-tin^s/ "Therefore, these findings address two issues. First, training 
effects transferred to a task-presented in a somewhat changed format, yet ' 
the form of the generalized pause pattern was somewhat different than thaf 

^xainadi^jad.^e.cmAx^.^^ — 
from a comparison of the assessment and generalization phases. 

In the results reported thus far, training did not appear to differentially 
affect the performance of sixth, tenth, or twelfth graders. However, a reliable 
Grade X Phase X Group interaction, F (4,96) = 2,57, £ <^ .04, was found. This 
second order, interaction, while being the only effect involving grade , revealed 
a developmental point of interest. That is, in a Phase (2-maintenance/ 
generalization) X Serial Position ^6) ANOVA; the tr^ained sixth graders' 
generalization phase pause-ti'mes (X =_2,67 sees.) v/ere significantly less 
than those reported for maintenance (X = 4.32 sees,), F (1,8) «= 21,06, £ <.-02, 
In similar analyses involving trained tenth and ^tx^elfth graders, the. phase main 
effects were nonsignificant. 

These results suggest that among the* training groups^ sixth graders did 
not continue to use as active a mnemonic routine as the older subjects v7hen 
the task, format was slightly changed. These data,. hbw6ver , are only weak 
evidence of differential effects of training over grader. 

Ovel-all ANOVA for proportion correct .. The effectiveness of training a 
specific rehearsal strategy was evaluated by a Grade (3) X Phase (3) X Group (2) 
X Serial Position (6) mixed /^DVA for proportion correct, 

.^^^ ■ . -i ' • - * 

The main effects of Grade , £' (2 ,A0) = 20.36, Group, F (1,40) =10.71, and - 
Serial Position, F (5,2A0j> = 32. 2A, £ < .001 for all ,. were, reliable . Post hoc 
analyses indicated that subjects in Grades 10 (X = .82) and 12 (X =. .83) recalled 
significantly more items than did sixth graders (X = .61), i(2,A8) = 30.62, 
£ < .01. The group effect showed that the trained subjects' (Xt,= -."Si) recall 
was reliably higher than the untrained (X = .70). Also, recall was signifi- 
cantly better at serial positions 1, 5, and 6» than at positions 2-4 smallest 
F' (5,240) - 13.85, p < .05. This finding replicates previous research in that 
items which, by task demand, need to' be recalled first, are remembered better 
than those which need to be recalled last. ' 

V 

The first order- interactions of Grade X Serial Position, F_ (10,240) = 5.21, 
Group X Phase, F (2,96) = 9.76, Group X Serial Position, F (5,240) = 3.39, and 
Phase X Serial Position, F (10,480) = 4.89/ £ < -002 for all, were also, 
significant . • • 



Consider first the developraerital effect associated with the Grade X Serial / 
Position Interaction as illustrated in Figure 2 J It is seen that for each 



Insert Figure 2 h^rc 



grade, the proportion of items correctly recallied decreased significantly 
from positions 1 to 4, smaller^t F' (10,2A0) = 63-67, £ < -01, yet remained / ^ 
high at 5 and 6, and that the; difference betwein the recall of tenth and twelfth 
graders in comparison to the subjects in Grade 6, varied over se^rial positions 
1-6 .J The post ho c, anal yses showed that sub jeclts i n Grade s 10 and 12 recalled 
si^ificantiy'^more items at each serial position than did^ixth gra'SefsV s^a^ 

(10,240) = 12.04, £ < .05, and that this reicall difference was greates^ for 
item's at positions 1-4. These results replicAte earlier research findingis 
(gefi,,Elli_s^.l970, f or a. review) v;hic h have shfavii that deve lo pmenta l recall d if- 
ferences are most evident for information which needs to be maintained longest 
through rehearsal. • 

Next consider the results asspciated with the si^ificant Group X Phase X 
Serial Position inter^actioa, F (10,480) = 4.38, £ < .001^ which is depicted in 
Figu^je 1, panels d-f. / 

Panels d and e show that while the groups did not differ in the assessment 
phase, the proportion of items correctly recalled during maintenance varied at 
each serial position.. A Grade (3) "x Group (2) X SeriaJ.- Position (6) mixed 
ANOVA on the maintenance performance revealed a significant Group X Serial 
Position interaction, F (5,240) =8.47, £ < .001. Post hoc analyses showed 
that su|>jects trained to use a "cumulative rehearS"al, fast-finish* strategy 
recalled significantly more items at each serial position than did untrained 
'subjects, smallest F' (5,240) = 20.15, .£ < .01, and that the recall differences 
were greatest for itetns at positions 1-4- 

This conclusion was supported further by the results of a Grade (3) X. Phase 
<2~assessment/maintenance) X Group (2) X Serial: Position mixed ANOVA,.since a 
significant Phase X Group interaction, F (1,481= ^2-09, £ < .001, was found. 
\«iile the training (X - .76) and no-training (X = .77) groups' recall was similar 
in the assessment phase, it varied during maintenance (X = .87 and .66 for the 
training dnd no-training groups, respectively). 

Note, hcTwever , that no Grade X Phase or Grade X Group X. Phase effects 
were fourd. Thus, while instruction improved the recall of trained subjects, 
the^effects were similar for each grade. In addition, the Grade main effect 
was also significant, F (2,48) = 18.51, £ < .01, indicating that the .overall 
assessment phase performance differences between sixth, tenth, and tweltth 
graders reraaiiied even within the training group. 

' In the generalization phase, (see panel f, Figure 1) the training group 
(X = 79) continued to recall irore items than the no-training group (X - .bH) . 
A Grade (3) X Group (2) X Serial Position (6) nixed AIIOVA conducted on the 
generalization performance verified this group difference, F (1,A8) - A.24, 
p < 05, and showed further that the Group X Serial Position interaction was 
Tlgnificant, E (5,240) = 3.09. £ < .01. Again, post hoc analyses indicated 
that trained subjects recalled more. items at each serial position tnanun 
trained subjects and' the differences were significant at positions 2, 3, and 
A, smallest F' (5,240) = 11.05, £. < .05, but not at 1, 5, and 6. These results, 
together with those reported for pause-times, suggest that the generalized 



routine used by trained subje^cts was more effective than the strategy adopted 
by untrained subjects. 

The analysis o£ generalization performance also indicated a reliable 
Grade effect, F (2,48) = 8.26^ £ < .01. Post hoc analyses showed that both 
tenth' (X*» .SoTand twelfth (X = .83) graders recalled significantly more items 
than did sixth graders (X = .58), F' (2,48) = 10.95 and 14. 14 respectively, 
p < .05 for both. "Furthermore, there was a significant Grade X Serial Position; 
interaction, V (5,240) = 2,1?, £ < .02. Subsequent follow-up tests sBowed 
that tenth and twelfth graders recalled xcf>re items than the sixth graders at 
^arh serial position ,r smallest F' (5,240) = 11.17, £ ^ .05; and the dif- 
ferences were greatest at positions 1-4. These results suggest that the over- 
Hl de"WTo"?S^tar"H^in 'dllffeiinces- reporeea--fb-rThff-as5HSsmentr-^nti-ina±ntenai^^^ 
phages were again apparent in the generalization phase. 

In general^the^results reported for p ause-time and proportion correct 
support the -conclusions that (a) a trained "cumulative rehealsalT fast^fl-tttstr'^-— 
strategy was maintained and used by sixth, tenth, and twelfth graders, (b) con- 
sidering only pause-time, weak evidence suggested that the effects of training 
transferred to varying degrees over Grades 6, 10. and 12, (c) trained subjects 
were more effective in meeting the generalization task demands than were un- 
trained ones, and (d) the initial developmental recall differences between- 
thft older subjects and the sixth graders remained even after training and in 
thi generalization phase. Therefore, it may be assumed that even though the 
sixth graders used the 'trained strategy, they were not able to use it e.ffec-- 
tively enough to eliminate the initial developmental recall differences. The 
-proportion correct results supported this interpretation since the trained 
- sixth' graders' recall was lower than the older subjects' in both the main-, 
\tenance. and generalization phase but higher overall (although not significantly) 
th^n that found for untrained sixth graders. . - 

Analyses including adults . " The next set of analyses involving phases in- 
auded the training group plus adults (T + A). These analyses were done 
since they (a) address the developmental question of whether or not the gener- 
alized use of a tra'ihed routine, differs across grades in comparison to an adult 
norm, and. (b) provide an in-depth look at the effects of training on generaliza- 
M task 'performance. Accordingly, a T + A (4~Grades.6. 10, and 12 and adults) 
X" Phase (2~assessment/generalization) X Serial Position (6) mixed ANOVA was - 
conducted on . the. pause-time and proportion correct data. ' . 

Considering pause-time, the main effect for, T .+ A was nonsignificant. This 
result indicated that subjects in Grades 6, 10, and 12 and adults did not differ 
in the overall amount of time spent pausing af£er each stimulus item. However, 
the T + A factor Interacted significantly with Phase, F (3,32) = 4.84. £ < .01, 
and Serial Position. F (5,160) = 12.67, p . < .001. Additionally, each of, these 
effects were involved in the T + A X Phase X Serial Position interaction, 
F (15.160) = 1.83, £ < .93. Hiis second order effect is illustrated in 
Figure 3.. ■ 



Insert Figure; 3 here 



This' figure shows that the adults not only spontaneously selected a 
"cumulative-rehearsal, fast-finirh" strategy in response to a 6-item circular 
task, but also generalized and used the routine in a changed task format. The 
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data for the' sixth, tenth, and twelfth graders are. quite different- and represent 
two interesting findings. -First, as reported previously, the training group „ 
did not initially adopt the routine selected by the adults; and, second, the 
generalized routine used by the twelfth ' graders was most like the adults, ^ 
• followed in similarly by the tenth graders' performance. Thp sixth graders 
pause pattern was the least similar to the adults'. ., 

A comparison of the assessment and generalization phases .suggest that 
. following training and maintenance, the tenth and twelfth graders- modified 
their strategic fiehaviors in a' more systematic way than did the sixth graders. 
These data suggest that the magnitude of the transfer effect was reflected in 
the degree of similarity between the shape of each grade's pause pattern and 
that found for the c^dults. Post hoc tests within the generalization phase 
™ indicated , that the grade schoolers' pause-times- did not differ significantly 
from the adults' at serial positions 1 through . 3.. Analysis at position 4 
showed,' however, that the sixth graders' pause-time was significantly shiorter 
than the tenth and twelfth graders', smallest F' (15,160)= 9.95 £. < .Oa. At 
— pe&±*ion-5, a similar analysis revealed that, the sixth graders pause-timp. 
ftMas significantly shorter than, the twelfth graders,' F' (15,160) - 10.70, 
■"5^< .01, while the tehth graders paused significantly longer than the adults,. 
F' = (15,160) = 23.11, £. '< .01. - The sixth arid tenth graders ' pause-times at 
serial position 6 were slcnif icantly longer..than the adults', F' (15,160) = - 
11.67 aiid. 24.23, respectively, £ < .01 for both. Furthermore, the twelfth 
graders' :pause-time at position 6 was significantly shorter than the tenth 
graders', F' (15,160) 16..18./£ < .05, bat nojc reliably different from, the 
sixth graders or adults. These results confirm the visual impression that the 
older the subjects, the more sioilar their. pause .patterns were to the adult 

norm. . - 

i ■ ' • " . ' . • ■ .' . 

. Analyses of the proportion correct data suggested a pattern of results, 
similar to those reported for the grade school children alone. That i,s , the 
older the subject (adults. Grades 10 and 12"- vs. Grade 6) the more, items recalled^ 
especially in the primacy portion (items 1 - 4) of the serial position curve. 

To summarize, these results suggest that (-1) -.the sixth graders' generalized, 
strategy was least like the adults' as well as the least effective for main- 
taining high recall, (b) the twelfth graders ' -.generalized routine was the most 
similar to that found for adults, and ( c) . the - tenth, graders ' generalized 
strategic behaviors, while ..facilitating recall, were less similar to the 
adults' than the twelfth graders ' . This latter finding implies further that 
. the' tenth graders adjusted their response pattern during generalization by 
increasing their pause-times at items 5 and 6 to maintain high accuracy. 

These data support the conclusion that training affected the executive 
monitoring of strategic behaviors. The j^^nalys es including the adults sug- 
gested these effects wer:e apparently greatest for tenth and t\;a;lfth graders,^ 

Analyses InvolvinR Item Type 

The analyses of the item type data address two issues: (a) selective 
• use of strategic mnemonic behavior, and (b) the^ generalized effects of . training 
on the selective use of a "cumulative rehearsal, fast-finish" strategy- To 
evaluate these issues, a .Grade (3) X Group (2) X Item Type (2) X Serial Position " 
(6) mixed ANOVA was done for the pause-time data. , 
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The ANOVA revealed that the Grade main effect was nonsignificant, ~W 
F T2,48) = l.Oo, P < .36, as were all interactions with Grade. However, the^ . ■ 
Group F (1,48) = 12.81, Item Type, F (1,88; = 35.10, and Serial Position effects , 
F (5,24'0) = 7.94, £ -^^^ significant. Further, each of these 

Tignif leant effects were involved in a reliabl,e Group X Item Type X Serial^ . 
Position interaction, F (5,240) = 4.71, £ < .001. Figure 4 illustrates . this 
effect. can be seen that for TBR item?, trained subjects paused significantly 
longer at sferial positions 3, 4, 5 , and 6 than did untrained subjects^ssmallest 
F' (5,240) = 20.39, £< .01. Also, the post hoc tests indicated that the no^ 
Training group did not pause significantly longer after TBR than TBF items while 
the trained/ subjects did so at serial positions 2, 3, 4, 5., and 6, smallest 
F' (5,240)^= 14.21, £ < .05. ' 

' '^^^-'^ - Insert Figure 4 here.-*- - 

These results indicated that "cumulative rehearsal, fast-finish" training^ 
affected gene ralizatxon- phase performancc-lTirtlTa-tr-tifaifted-subjects: clearly dif 
ferentiated TBR from TBF items while untrained 'subjects did not. 

Consider "the above in light of the earlier results, which showed that \ 
(a) while the trained ^ sixth graders' generalized performance was different from . 
that found for untrained , subjects , their pause pattern/was ,the least similar to - 
the adult norm, (b) these same sixth^graders' recall wks significantly below 
that found for tenth and twelfth graders, and (c) all trailed subjects (regard- 
less of grade) paused reliably longer after TBR than V^aF Items. Taken together, 
these results suggest that training affected" the sixth graders in a general, 
non-specific way since their item type treatment was simi^Lar to that found for. 
.older trained Subjects, yet quite different than that reported for untrained 
subjectn . ' 

The findings discussed above suggest that training a "cumulative rehearsal, 
fast-finish" -strategy affected the executive function in two importatit ways. 
First, training affected the manner in which subjects treated TBR and TBF items. 
This result indicates that item selection, as a mnemonic behavior controlled 
by the executive , was modified by training. Second, since no grade, effects 
or interactions involving grades were found in the Item Type analyses, training 
affected each grade's selective behavior equally. Tliis latter poiap is 
especially relevant when considering the sixth graders since training affected 
^heir generalized performances but not in a way comparable to that found for 
the older subjects. , . : ■ • ' 

In general summary, ,the analyses iavotying phases and item type suggested 
that while the adults spontaneously adojpted a' "cumiaative rehearsal, fast- 
finish" strategy and generalized it to a changed task format, the performance 
of the trained and untrained subjects in Grades 6. 10, and 12 presented;- a 
different picture. For the nine subjects in each grade who were not trained, 
the results showed a gener^ly decreasing trend in average median pause-times 
6ver phases. Within each phase, especially during maintenance and generaliza- 
• tion, the untrained subjects' pause patterns were low and variable. Additionally, 
in coTi^pirison to the trained subjects in the maintenance and generalization 
phases, the no-training groups ' recall was lower at each serial position. For 
the training group, the maintenance phase data revealed that all subjects, 
regardless of grade, continued to use the trained routine which improved their 
recall. In the generalization phase the trained subjects modified their 
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maintenance phase patterns. Based on analyses including adults , the modi- 
fied patterns showed that the sixth graders' generalized pattern was. variable 
but generally increasing over serial positions. The tenth and twelfth graders 
. pause^atterhs and recall data suggested that their generalized strategic 
routine was used effectively ^and farther, the similarity of the transferred 
routines became more similar an adult notm as grade increased. 

The item type analyses supported and extended the results reported for 
phases in that training affected the selective treatment of TBR items. The 
training group not only spent more time \ than the no-training group on TBR 
items but also selectively distributed their responses differently over serial 
positions. The untrained subjects V. response patterns for TBR and TBF items 
were similar — both being flat. 



Observational Data ' " ^ 

. ■ i • > ■ . . . * 

Ptelimin'ary inspection of the data revealed no differences in the observed 
response patterns over Trials 1, 5 , and l(>i r therefore . the behav^^^^ 
cies^were averaged^Iof^s^ The interrater reliability (IRRJ 

was 82%-; 

The average number of responses per subject was plotted for all five be- 
haviors a;j;d presented in Figure 5 (training group) .and 6 (no-traiining group), 
These figures show that (iach observed behavior occurred approximately equally^ \ 
often for both trained and untrained subjects in the assessment phase. Tlresei 
data support the pause-time and proportion correct data reported earlier, vriiich f 
also suggested no differences between groups during assessment. • 



In?ert Figures 5 and 6 here. 



In the maintenance phase, observed cumulative rehearsal and cumulative 
gesturing responses clearly differentiated trained from untrained subjects. 
Figure 5 shows that the frequencies and pltttems of overt cumulative rehearsals 
were comparable for Grades 6, 10, and 12. These results support data previously 
reported in that trained behaviors were maintained by all grades on a task 
identical (albeit with different stimuli) to the training task. > 

In reference to cumulative gesturing. Figure 5 shows thaf over serial 
positions 2-4, sixth grade rs^:oyertly responded more f requentlj^^^'ttian tenth and 
twelfth graders. The subjects in Grade 12" overtly used a cumulative gesturing . 
strategy less often than either.^ixth or tenth graders. By compj^rison to un- 
trained subjects (Figure 6) , Staining* increased the observed fre<juency of th^s 

behavior. The other behaviors provided no insights into strategy usage. 

. • . * * <^ 

■' • ■ '' /' 

In the generalization phase, the behavior of prime interest was cumulative 
rehearsal since it comprised the major part of the trained routine. As is 
^ illustrated in Figures 5 and 6, the trained* subjects were observed" cumulatively 

, rehearsing more frequently than the untrained ones. The frequencies and pat- 
terns for this behavior were roughly equal for Grades 6, 10, and 12 in the 
no-trainir.g group but different in both dimensions for the training group. 
Specifically, thn trained twelfth graders were observed cumulatively rehearsing 
more than the tenth who in turn, overtly responded more than the sixth gradefs . 

... . " . . ' ' ^ 

These data, in comparison to those reported for untrained subjects 
Q (Figure 6), suggest that the observed behaviors were used by the trained subjects 

ERJC . , • , vo . 
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in the generalization phase on a, task similar to that presented during main- 
tenance , /but the form of this usage was related to grade. The observed fre- 
quencies/of labeling, rehearsal, gesturing, and cumulative gesturing did not 
differentiate the grades or groups. 

^ iW general, the observational measures showed that. the training and no- 
training groups were matched roughly in the assessment phase and that a \ trained 
"cumulative rehearsal, fast-finish" strategy was maintained by all grades and 
subseodently used (to varying degrees) on a transfer task*^ With reference tp 
•^ cumulative rehearsal, the generalization phase performance of subjects in 
Grades 6, 10, and 12 suggested that twelfth grades transferred and used the 
trained routine more than did the tenth graders. The subjects in Grade 6 
did Sot overtly use the trained response pattern and showed decreasiixg re- 
sponse . frequencies over serial .positions -. Furthermore^ throughout the 
generalization phase, for both groups sffid ail^.grades, only one subject re- 
hearsed one TBF item. ' 



Po/3 



t-test Intervievj 



/ The primary purpose of this interview was to determine whether or not^ 
the subjects were aiaare of their strategy usage. Originally, each ^^ybject's 
.Responses to five questions were recorded for sixth, tenth, and twelfth 
graders. However, since all subjects said it was not hard to remember the 
^picture names and were not distracted by TBF items, only the responses to 
the following question are reported:. "Suppose you could do anything you 
want, what do you think would be the best way to. remembej the names of 
pictures like the ones you just" saw?"/ 

The subjects' responses were classified as either active or passive. 
A subj<^t's verbal response was classified as active if it indicated mnemonic 
usage. .Examples of active responses were, "I. would v/ri.tethem (picture names) 
down," or I would say their names over to myself in order," etc. Two types 
of passive responses, were identified: (a) no verbal respd,nse at-all, or 
(b) if a verbal response indicated no: mnembn:U usage. An example of a passive 
verbal response was, "I would just look at th**m (pictures)." 

Tablfe 2 presents the proportion of subjects responding actively and 
passively for each grade separated by group. As is seen, the :fireatest P^o-" 
portion of subjects responded actively (.93) independent of grade or group. ^ 
A Grade (3) X Group (2) chi square test on the number of subjects responding 
actively was nonsignificant, x? 3.97,. £ < .10. suggesting that trained and 
untrained subjects in each grade were aware of their mnemonic activities. The 
data for sixth graders, however, are of part:ict4ar interest since the expressed 
awareness of these subjects was not translated into an effective response 
pattern. That is, even though the sixth graders verbalized "active" types 
of responses, . their . circular recall data did not indicate effective application, 
further, in reference to Grades 10 aitd 12', it is seen from the post-test inter- 
' x/iev; that these subjects' awareness of their active strategic behavior was 
associated with their actual performance. ^ 



Insert Table 2 here 
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. CONCLUSIONS 



This experimeat provided information concerning a number of developmental 
issues related to the executive control of strategic onemcuic activities. 
5irst consider the adult, data. These, data served two important functions 
Since they (a) suggested a strategy to be trained to norfspohtaneous children, 
and (b). established that the generalization situation was an appropriate 
transfer test as both the assessment and generalization task evoked the same 
mnemonic routine in mature memorizers (Brown, 1977). More importantly, the 
adult data extends our W^ledge of efficient executive control. Butterfield 
and Belmont (1976) have shown that adults chose to abandon a strategy when it 
was no longer needed to maintain high recall. Here it was, shown that flexibl? 
cont'rql also includes the continued use of a strategy in a new situation where 
such ""use was appropriate; thus, the generalization, of an adopted control process 
or sequence of control processes. It is apparent, therefore, that both types ., 
of behavior are a necessary part of tl>e flexible executive control of strategy 
utilization .. 

Xonsisb next the perfo mauce o f-sjrxt- h , t e nt h, and twelfth-gr a d ers in the . „ 



assessment phase. This phase was intended to describe the development of a 
spontaneously produced "cumulative rehearsal, fast-finish" strategy. However, 
since only tow tenth and three' to'elfth graders produced the routine meaningful ^ 
comparisons among grades "and groups were prohibited. The strategy selection 
data did net support Butterfield and Belmont's (1976>, results . 

■1 

It is not clear how the differences between the present study and that 
of Butterfield and Belmont (1976) could account for the descrepant age-related 
behaviors found. One explanation could be that the present task did not prompt 
tenth and twei'^th graders to use a "cumulative rehearsal, fast-finish strategy 
since they could maintain a high recall accuracy for 6-items without such an 
effort. However, this is not a reasonable assessment as adults spontaneously 
adopted the optimal sti:ategy-. The fact is that the children in Grades 10. and 
12 did not think to use a "cumulative rehearsal, fast-finish strategy^but 
adults did. The question of v;hy remains. 

In the training phase', all instructed children easily acquired a "cumulative 
rehearsal, fast-finish" strategy. Thus, following a ^elktively brief training 
period,, sixth, tenth, and to^elfth graders effectively produced the instructed ^, 
rehearsal routine. 
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"During the maintenance phase, the pause-time data suggested that all in- 
structed ciiildren continued to use the trained "cumulative rehearsal, fast- 
finish" routine. However, by considering the proportion of items correctly 
recalled, three developmental factors were revealed: -<a) although the pause 
patterns and observed behaviors indicated that all grades were using the same 
mnemonic routine, the recall data showed vthat trained tenth and tx^elfth graders 
remembered more items than trained sixth graders, (b) because the proportion of 
items correctly recalled br tenth and twelfth grade children was high in the 
assessment ph^e, training only "^slightly improved their accuracy, and (c) while 
the trained sixth graders showed a 19% recall improvement from the assessment 
to maintenance -.phase, their overall performance was still below that found for 
the older children but above that reported for untrained sixth graders v 

The improved performance found for trained children in the maintenance phase 
suggested that these children, especially the sixth graders, were production as 
opposed to mediation deficient in the ; use of a "cumulative rehearsal, fast-finish 

22 • - - 
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routine. That Is, even though these diildren did not spontaneously adopt such a 
-Routine they could use it effectively > thus showing improved recall (Flavell, 1970; 
Kefrney. et al, , 1967). For , the two' older evades, this "production deficiency" 
inte^rp-retation was limited since their recall performance was not improved sub- 
fltSh'tiklly by training. 



V These data replicated other developmental research in that a trained mnemonic 
routlj^^^ was maintained by all children without further instruction or prompting 
<Bro5^.^l97A; Butterfield, et al,, 1973). Note that other relevant research has-^ 
shoyn Qiatf trie maintenance of a trained strategic 'behavior was related to. 
development level (Flavell, 1970; Kenney, et al,, 1967) • That is, younger 
children _cended to abandon a. trained mnemonic activity if* (a) there was a long 
delay between training and a maintenance test, or .(b) the experimenter did not 
continuously prompt the child" to use a strategy. In the present paper the 
youngest children were found to maintain the; trained strategy. This finding 
W£ts r\\t necessarily supported by previous research. However, the sixth graders 
were relatively old by comparison to the subjects in other studies ^d the 
maintenance test was given immediately after training. 
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activities of all subjects. However, from a consideration of analyses including 

adults, it appears that! 'training differentially affected the students depending 

on grade. ; In comparison to an adult norm, the similarity of pause patterns v 

and recall were greater for twelfth graders than for tenth, and least similar 

for sixth graders. This conclusion is quite tentative sinCG in the overall 

analysis involving phases, only one higher order interaction involving .grade 

was found . . ' . . 

r 

Inspection of the trained and untrained sixth graders' pause-pattems sug~ 
ges ted that training had a ''general'' effect on the instructed children's tre;^t- 
ment of^ TBR information. Therefore,' training did have some effect on—althcJugh 
not thelexpected improvement in — the executive's monitoring function. Apparently, . 
training alerted sixth ^aders to t>ie fact that they should be more active in their 
remembering processes ; however, these children were incapable of translating this 
-information into a pattern of behaviors similar to those activities trained. 

The generalized training effects for the plder children were much more 
effective. The trained tenth graders used a modified form of the instructed 
"cumulative rehearsal, fast-finish'V strategy . In comparison to untrained- 
children this pattern of results suggeWted -th^t; tMiuing directly affected the 
tenth graders* monitoring .!6f an effective roatirie. These trained children> 
though, did not use the ins true ted strategy in a- manner^ most similar to that 
found for an adult norm. Tlevertheldss, these findinss supported the conclu- 
-s ion -that trained tenth graders recognized the potential usefulness of the^ 
instructed "rputine, thus monitoring their strategic mnemonic activities. 

Training also affected the V7ay in which tenth graders treCited TBR and TBF 
items. Like the younger children, trained tenth graders differentiated item 
types. The between group comparisons for tenth graders showed that the trained 
children's differentiate item type treatment was more effective in meeting the 
generalization task demand than the strategy used by the untrained group. This 
evidence^ supports, the, general notion that training affected the executive - 
control of mnemonic behavior. 

The generalization phase performance for trained twelfth graders showed 
thar they transferred the instructed routine and used it in a fashion uxost 
similar to that reported for spontaneous producers — adults. Thus, the twelfth 

9^ ^^^3 ■ ^ . 



graders not only recognized the potential of the trained routine but also used 
it effectively in. a* changed task format. 

The results of the present study suggest that training affects executive 
functioning in various ways. Th^se effects appear to vary at different ages 
when trained younger children are compared to spontaneous producers; that isj 
the older the trained child, the greater the similarity between his generalized 
routine and that of an acjult^ Also, instruction affected the trained children's 
monitoring of a generalized mnemonic routine since TBR Items were processed in 
a qualitatively different way than IB F ones — a conclusion similar to that drawn 
from the^^adult data. This item type ^ffect suggests that these children 
delibera^ly (and not in a rote fashion) used the generalized strategy. Since 
the selective treatment of TBR information characterized their behavior, this 
evidence strongly supports the notion that the executive function was affected 
directly by training. 

In both the maintenance and generalization phases the training effects 
seemed to interact v/ith th^., children's level ^ of cognitive maturity. Even 
though sixth grade childirfen benefited ' from training, their recall during the 
maintenanc e an d especially generalization phases, did not e lual that found for 
older children and adults 4j, Thus, tenth and twelfth graders were more capable 
of monitoring their pxm eflfective memory processes in maintaining ^and generalizing 
a trained mnemonic routine than were sixth graders. 

-These conclusions were supported by the observational data and the post- 
test interviews.^ Sixth graders verbalized an awareness of active mnemonic 
behaviors, .but this apparent awareness had little effect on their actual recall. 
Older children and adults also expressed "a knowledge of active mnecionics and 
this awareness was related to their" observed behavior. This pattern of results 
is similar to that reported by others, e.g., Fiavell et al.'(1970),, Salatas and 
Flayell (1976), in that more mature children are able to recognize, use, and 
maintain, effective, strategic behaviors (Brovm, Campione, Bray, & Wilcox, 1973; 
Butterfield & Belmont , . 1976; Caiiq)iohe & Brown, 197A, 1977; Reese, 1962; and : 
Rohwer, 1973). ^ \ 

A final note is nfeeded on one of the most engaging problems in the study 
of cognitive functioning; that is^ the problem of making inferences from .data 
hypothesized to reflect some underlying cognitive phenomena.. Specifically, in 
the present study, a single measure of rehearsal, e .g. , pause-time. or propor- 
tion correct, etc., results in a level of inference regarding the "executive 
function"' different from that based on any other unique measure. The fact that 
.each measure used here did not lead to. identical ijhferences concerning the 
executi-ve exemplifies the experimenter's dilemma in choosing. the measure(s) most - 
higlily related to the process of interest. Can rehearsal activity be inferred 
best from pause patterns as Butterfield and Belmont (1976) and Belmont and 
Butterfield', (1977) suggest? Or, can rehearsal be accurately measured by the 
magnitude of the primacy effect and this be used as the index of developmental 
differences?^ The point is that the identification of any mnemonic acy:ivity, e.g., 
rehearsal, depends primarily on the measure chosen. The type of data" recorded 
theoretically reflects and defines the process studied. However, various measures 
thought by the experimenter to reflect the same processes could represent dif- 
ferent levels of similar activities or different processes altogether. ^ Further- 
more, the measure used will*(to a degree) determine the age at which mnemonic usage 
is said to occur.. For example, Wellman, Ritter, and Fiavell (1975) have reported 
that 3-year-olds use strategic behaviors when instructed to remember a location, 
\rtiereas in the present study, the observational data would suggest that 17-year-olds 
do not spontaneously rehearse. 



Ko inane diate solution to this problem is proposed. However, one reasonable 
approach would b6 to base any inference oti what Brown (19.77) describe! as 
"convergent operations." That is, as multiple measures of theorized cognitive 
activities agree, one has increased confidence in the inferences based on 
those measures.. 

In the present experiment ^ the different pattern of results suggested by 
the separate dependent variables highlights the need for many measures of the 
same (hypothesized) activities. Inferences regarding the executive function 
would have differed from those made here if airy single measure had been con- 
sidered. Thus, oniy by integrating the information obtained from the various 
measures could a more complete understanding of the executive and its monitoring 
function be obtained » 

The discussion presented above points out that any description of. cognition 
or cognitive development will be a function of a complex Interaction among the 
factors v/ithin the individual, his skills and abilities,: as well as the chosen 
tasks (Fl avail. 1970). 



Footnotes., 

^ This paper is based on a doctoral diss er;^f ^"^n submitted to the University of^ 
Illinois at Urb ana-Champaign. The resei4/r :.j ts supported by Grants HD' 06864 
and HD viS'^ii r ..v^*a the National Institute ^£ Child Health and Human" Development . 
The authoi. Is ladebted to his advisor, Pjin L. Bror^n, for her encouragement and 
*iuppcrt during this projc-rt. , x\ special, thanks is also given to Drs. Joseph . C. 
Camp ione, Karl Newell, o^nald R. Omark, and Maurice M. tatsuoka. Gratitude 
is expiessed to. Ilr. William Mctleady, Superintendent o'f the Unit 7 School 
District, Tolorio, Illinois, and to the students for their voluntary participa- 
tion in this project. A portion of these data were presented at the Society 
for Research in Child Development Biennial Convention in New Orleans, Louisiana, 
March 17 - 20, 1977. . 

^ Sex interacted with Item type and Serial Position, _F (5,140) = 2.32, £ < .05. 
Males paused ionger after TBR than TBF items than did females. This bc*havi6r 
was differential over serial positions. 

^ All of the adults indicated verbally that they used a "cumulat:ive rehearsal, 
fast-finish" strategy. 
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Table l' ■ 
Descriptive Statistics 



. 1- . 








Group * 




Grade 


Statistic 


' Training 


No Training 


Spontaneous 


Total 


6 


N. 




> 9 ■ 




18 


* 


GA: - 


■ 




♦ 


■ 




; Meaii 


137.2 


137.8 






;> 


Range 


^ 132-147 


132-149 




... ■■ 


10 

1 




9 


9. 


■■ 2 


20 


\ . • " 


GA: 












' Mean 


185.1 


190.1 • 


190.5 






Range 


183-189 


183-199 


186-195. 




12 


N 


< 

9 


9 


3 


21 




GA: . 












Mean 


2 12 . 3 


212.8 


2U.3 ■ 






Range 


?(M-221 


197-220 


210-216 




Adult 


H 






9 


9 




GA: 










* 


Mean . 






3^7.6 






Range 


1 




228-549 





Hote . Ages are given in months. 
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Table 2 



The Proportion of Subjects Giving: Active and Passive Responses to the Posttest iQuestion 



Type oi Response 



Passive 



Active 

Je ' N Training , Ho Training ■ ■Spontaneous Training Mo Training Spontaneous 

' .. . • .00 '.11 : . 



1$ 1.0 

20 • .89 

0 

21 1.0 



;89 ' 



\.78 

i.o\ 



...;r.o 

1.0 



.11 

.00 



.22 
.00 



-\ 



Note. Data on two tra'ined.sixth graders are missing due to tape recorder failure. 



.00 

;oQ 
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. Figure !• 



■"- Figure 2. 
r Figure 3- 
Figure 4. 

Figure 5. 
: Figure 6. 



* Figures • > * . 

' * ». ' . ■ 

Averace tnediah p.ause-times (sees,) and proportion correct for trained 
and untrained subjects in the assessment, maintenance, and generaliza- 
tion phases. > 

Proportion of items correctly recalled. in circular order for' Grades 
6., 10, and 12. at each serial position. ; ' 

Average^median pause-times (sees.), for trained subjects in Grades 6, 
10,^ and '12 plus^ adults in the assessment and generalization phases. 

Average median pause-times (sees.) for trained and untrained subjects 
(summed over Grades 6, 10, aiid 12) on- to-be-remembered (T3R) and 
to-be-forgotten (TBF) itqms at each serial position . . . ^ ^ 

Average number of responses per trained subject on labeling, rehearsal, 
cumulative rehearsal, gesturing, and cumulative gesturing. 

AveYage number of responses per untrained subject on labeling:, rehearsal, 
cumulative rehearsal., gesturing, and cumulative gesturing. 



•J 



EKLC 



PHASE 




1.00 



h .90 
I .80 

O 

o .70 

z. 

o .60 

h 

o ,50 

a. 

o 

? .40 

(L 

.30 



1 



GRADE 6 

10 ^ir—^ 

I20--O 




l—J L 



1 



I 2 3 4 5 6 
SERIAL POSITION 



t - 
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36' 



(0 

I'M 
in 

(0 

3 5.0 

z 4.0 
< 

I 3.0 

Id 2.0 

i 1 0 

Ui 
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TRAINING + ADULTS 
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GRADE 6 

\OCr-t 
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III' ' ■ 



2 3 4 5 6 
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I I I I 



12 3 4 5 6 
SERIAL POSITION 
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u, &0 
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0, 

2 4.0 

S 3:0 
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ui 2.0 
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GROUP 
GRADES 6, 10 AND 12 
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I 2 3 4 5 6 
SERIAL POSITION 



NO TRAINING 




I I I I I 



I 2 3 4 5 6 
SERIAL POSltlON 



■ % 
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If 

8^1.0 
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U kl 

i tn l<5 
> ui 

<ii. 
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